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^= (54) Title: STENT DELIVERY SYSTEM 




(57) Abstract: A stent delivery catheter for rapid exchange carries at its distal end a sleeve (12) to surround a self-expanding stent 
(10) and a tension wire (30) running the length of the catheter to release the stent by proximal withdrawal of the sleeve. A tubular 
catheter shaft (62) surrounds the tension wire. An inner catheter (44) defines a guidewire lumen (48) with a proximal guidewire 
exit part (58) at the distal end of the catheter shaft. The inner catheter carries an abutment (32) to restrain the stent from moving 
proximally when the sleeve is pulled proximally. There is a gap (74) between the abluminal surface of the inner catheter and the 
luminal surface of the catheter shaft, in which the tension wire is accommodated. 
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STENT DELIVERY SYSTEM 

This invention relates to a stent delivery system 
comprising a sleeve to surround a self -expanding stent, 
to be retracted proximally, relative to the stent, to 
release the stent progressively, starting with the 
distal end of the stent, an abutment to engage the 
stent, within the volume defined by the sleeve, to 
restrain the stent from moving proximally, as the sleeve 
is retracted proximally, and a tubular lumen- defining 
catheter shaft extending proximally from the abutment, 
which resists axial compressive stresses during proximal 
withdrawal of the sleeve. A tension member runs the 
length of the catheter shaft, receives a tensile stress 
at its proximal end and thereby imposes on the sleeve an 
axial stress for said proximal retraction of the sleeve 
relative to the stent. The catheter shaft includes a 
proximal guidewire lumen exit port remote from the 
proximal end of the catheter shaft, whereby the stent 
delivery system is a rapid exchange system. The tubular 
shaft carries at its distal end an inner catheter, which 
defines a guidewire lumen and extends from a proximal 
end at the proximal guidewire lumen exit port to a 
distal end which defines a distal guidewire lumen exit 
port at the distal end of the sleeve . Such a rapid 
exchange stent delivery system is disclosed in EP-A1-0 
505 686. 

Background Art 

Catheter systems and stent delivery systems are similar, 
to the extent that each is usually deployed by advancing 
it along a guidewire. Not infrequently, there will be 
exchanges of such devices while the guidewire remains in 
place. Systems which are categorised as "over the wire" 
have a guidewire lumen which runs the full length of the 
device. As this is typically of the order of 13 0 cm, it 
can be cumbersome and inconvenient to exchange for a 



WO 03/030783 



2 



PCT/EP02/11082 



different device while the guidewire remains in place, 
leading to the site of surgical treatment. 

By contrast, the so-called "rapid exchange" catheter 
systems have a guidewire lumen which runs much less than 
the full length of the system, and only in a distal 
portion of the length. In such systems, the length of 
guidewire protruding from the body of the patient during 
exchange of one catheter system for another, over the 
same guidewire, need be only a fraction of the full 
length of the catheter system, making it easier and 
quicker to make the exchange. This is a good reason for 
preferring rapid exchange systems to "over- the-wire" 
systems, other things being equal. 

An early example of a rapid exchange catheter system is 
to be found in EP-A-0 380 8 73. The system shows a 
balloon catheter with a substantial part of its length 
defined by a hypotube which delivers inflation fluid to 
a balloon at the distal end of the catheter. Running 
through the balloon is a tube defining a guidewire lumen 
extending from a distal exit port distal of the balloon 
to a proximal guidewire exit port some distance proximal 
of the balloon. Proximal of the proximal guidewire 
port, the guidewire runs parallel to the hypotube shaft, 
but outside it. Advancing the catheter device over the 
guidewire is relatively simple, because the guidewire 
lumen is more or less straight, with a continuous smooth 
luminal wall surface. 

Reference is now made to the stent delivery system 
disclosed in EP 505 686. It is to be noticed that the 
path of the guidewire through the stent delivery system 
of EP 505 686 is significantly more complicated than 
that of EP 380 873. Not only does the guidewire pass 
through the cylindrical wall of the catheter body on 
which the balloon is mounted, but also through the 
cylindrical wall of a sheath element which surrounds the 
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stent and which is retracted, relative to the catheter 
body, for deployment of the stent. To accommodate the 
guidewire during stent deployment, the sheath 10 has not 
only a proximal guidewire exit port but also a long 
slit, the walls of which slide over the guidewire during 
proximal retraction of the sheath. Furthermore, to 
deflect the guidewire out of the proximal exit port in 
the cylindrical wall of the catheter body, there is 
provided a plug with a tapered end surface which will 
guide the proximal end of the guidewire, during 
backloading of the catheter device onto the guidewire, 
out of the lumen of the catheter body, through the 
proximal guidewire exit port . 

It is an object of the present invention to simplify the 
construction of rapid exchange stent delivery systems, 
in particular in the area of the guidewire lumen. 

According to one embodiment of the present invention, 
there is provided a stent delivery system as specified 
in the opening paragraph of this description, which is 
characterised in that the inner catheter and the tubular 
shaft are arranged parallel between the distal end of 
the catheter shaft and the proximal guidewire exit port 
with spacing therebetween to accommodate the tension 
member at a location outside the guidewire lumen yet 
inside the lumen of the catheter shaft. 

By providing a gap for the tension member, between the 
tube which defines the guidewire lumen, and the tube 
which defines the catheter shaft, one can provide an 
uncluttered path for the guidewire and a straight path 
for the tension member, together in a catheter system 
which displays a notably smooth outer cylindrical 
surface throughout its length. 

Furthermore, by providing a system for delivery of a 
self -expanding stent which exhibits, over a very large 
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part of its length, both a metallic catheter shaft to be 
put in compression during deployment of the stent, and a 
metallic tension member to pull the sleeve proximally 
off the abluminal surface of the stent, one avoids the 
adverse effects of time -dependent strain which polymers 
exhibit when put under stress. Such time-progressive 
strain can complicate the task of placing a self- 
expanding stent, under radioscopic observation, at 
precisely the desired position axially along the length 
of the bodily lumen being stented. 

Thus, an advantageous construction for stent delivery 
systems in accordance with this invention is a catheter 
shaft formed of a metallic tube, in combination with a 
tension member which is a metallic wire. Conveniently, 
the tension member is fixed to the sleeve which is to 
surround the stent, by a connection ring, coaxial with 
the sleeve, and fixed to the sleeve. The connection 
ring is advantageously of metal. This would allow it to 
serve as a radiopaque marker for the stent. In any 
case, it enables a reliable metal- to-metal connection 
with the tension member. It may be advantageous to 
provide a pair of coaxial connection rings, one inside 
and one outside the sleeve. The sleeve would normally 
be formed from a synthetic polymer, possibly a 
construction incorporating braiding reinforcement, and 
advantageously with a taper at its distal tip. 
Furthermore, it may be convenient and advantageous to 
provide on the sleeve, just proximal of the distal tip 
zone, a radiopaque marker for the distal end of the 
stent . 

In a construction in which the sleeve incorporates 
braiding, the connection ring could incorporate 
radially-extending bosses or other protuberances, to 
extend into or through interstices in the braiding, 
thereby enhancing the security of the sleeve -ring bond 
when the assembly is in axial tension. 
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The guidewire lumen is provided by an inner catheter, 
cantilevered from the distal end of the catheter shaft. 
Conveniently, the distal end of the catheter shaft is 
cut away to provide a lengthwise slot, with a length 
direction parallel to the axis of the catheter shaft, 
and open-ended at its distal end, coinciding with the 
distal end of the catheter shaft. In one preferred 
embodiment, the tube which defines the guidewire lumen 
is set inside the lumen of the catheter shaft, with the 
proximal end of the inner catheter debouching at the 
proximal end of the open-ended slot, to define the 
proximal guidewire lumen exit port, on the cylindrical 
surface of the catheter shaft, at the proximal end of 
the lengthwise slot. 

Advantageously, the inner catheter sits within the lumen 
of the catheter shaft, along the length of its 
lengthwise slot, with spacing between the abluminal 
surface of the inner catheter and the luminal surface of 
the catheter shaft opposite the lengthwise slot, thereby 
affording a crescent-shaped lumen, within the catheter 
shaft but outside the inner catheter, for the tension 
member to pass from the lumen of the catheter shaft 
proximal of the lengthwise slot, to positions distally 
beyond the distal end of the catheter shaft . 

Advantageously, a catheter shaft extension tube is 
provided, with a diameter large enough to extend around 
the catheter shaft and inner catheter over the full 
length of the lengthwise slot in the catheter shaft. In 
this way, the catheter shaft extension tube can bind 
together, over the length of the lengthwise slot, the 
catheter shaft and the inner catheter. Furthermore, the 
catheter shaft extension can maintain a continuous fluid 
lumen between the lumen of the catheter shaft, in which 
the tension member is housed, and the lumen of the 
sleeve to surround the stent. In this way, flushing 
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fluid can be introduced into the catheter shaft lumen at 
the proximal end of the catheter shaft and can advance 
the full length of the catheter shaft, through the 
crescent lumen where the lengthwise slot is located, 
into the lumen of the catheter shaft extension, and 
onwards distally into the lumen of the sleeve, thereby- 
serving to flush any gas from all of the luminal volume 
of the catheter system except the lumen of the 
guidewire. It will be appreciated that, during 
deployment of the stent by proximal withdrawal of the 
sleeve, the sleeve will advance proximally over the 
abluminal surface of the catheter shaft extension. 

The inner catheter extends distally through the lumen of 
the stent. If the stent is not to travel proximally 
with the surrounding sleeve, when the sleeve is 
withdrawn proximally, then the inner catheter should 
carry an abutment which engages the stent and restrains 
the stent from moving proximally. This is conveniently 
provided by an annulus of synthetic polymeric material, 
mounted on the abluminal surface of the inner catheter, 
just proximal of the axial location of the stent and 
with a distal-facing abutment surface to contact the 
stent. Conveniently, this annulus of polymer can 
include a metallic ring to serve as a radiopaque marker 
for the proximal end of the stent. However, in 
embodiments where the abutment is within the stent 
length, it may be effective to use the above-mentioned 
connection ring as a proximal radiopaque stent marker. 

If desired, the stent abutment can be shaped so as to 
afford a fluid passage between the annulus and the 
surrounding sleeve, to enable flushing of the annular 
volume of the delivery system, distal of the abutment 
annulus . 

Turning to the proximal end of the delivery system, it 
can readily be arranged for the tension member to exit 
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the lumen of the catheter shaft at the junction of the 
proximal end of the catheter shaft and the distal end of 
a shaft continuation, through a packing which is an 
adequate seal against outflow of flushing fluid. Then, 
flushing fluid can be introduced at the proximal end of 
the shaft continuation and can flow distally through the 
length of the shaft continuation, past the exit point of 
the tension member, and into the proximal end of the 
catheter shaft. Readers will be well-aware how to 
provide a suitable flushing port at the proximal end of 
the shaft continuation. 

Advantageously, one may mount on the cylindrical outside 
surface of the shaft continuation a retraction handle 
which grips the proximal end of the tension member, 
whereby translation proximally of the retraction handle 
along the length of the shaft continuation achieves the 
desired tension in the tension member, proximal movement 
of the tension member, and consequent proximal movement 
of the sheath surrounding the stent. 

For a better understanding of the present invention, and 
to show more clearly how the same may be carried into 
effect, reference will now be made, by way of example, 
to the accompanying drawings, in which: 

Figure 1 is a longitudinal diametral section of the 
distal end of the stent delivery system; 

Figure 2 is longitudinal diametral section of part 
of the length of the system of claim 1, including the 
proximal guidewire lumen exit port; 

Figure 3 is a transverse section through the line 
III- III of Figure 2; 

Figure 4 is a longitudinal diametral section of the 
proximal end of the system of Figure 1. 
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Figure 5 is a transverse section along the W of 
Figure 4 . 

Referring to drawing figure 1, a stent 10 which is a 
self -expanding stent such a nickel titanium shape memory 
alloy stent made and sold by the present applicant under 
the trademark Memotherm™, is constrained to a relatively 
small diameter by a surrounding sheath 12 . The sheath 
12 carries a metal band 14 near its distal tip, which 
constitutes a radiopaque marker band to indicate the 
location of the distal end of the stent 10. The sleeve 
12 extends distally into a tapered tip 16 which 
terminates in a distal axial opening 18 . Proximal of 
the stent 10, the sheath extends further proximally, to 
a connection zone 2 0 within which is found a pair of 
connection rings, coaxially arranged, with the larger 
ring 22 on the abluminal surface 24 of the sheath, and 
the smaller ring 26 in contact with the luminal surface 
28 of the sheath 12, The bulk thickness of the material 
of the wall of the sheath 12 is compressed radially 
between the two coaxial connection rings. Bonded to the 
inner ring 2 6 is a tension wire 3 0 which extends the 
full length of the shaft of the stent delivery system. 
Conveniently, the inner ring 2 6 and the tensile wire 3 0 
are of metal so can readily and reliably be bonded 
together by a procedure such as brazing. It is tension 
imposed on the tension wire 3 0 which will, in deployment 
of the stent 10, pull the sheath 12 proximally, relative 
to the stent 10, to release the stent progressively, 
from its distal end to its proximal end. 

However, proximal movement of the sheath 12 relative to 
the stent 10 is possible only if the stent 10 is 
constrained from being carried proximally with the 
sheath 12. The task of restraining the stent 10 from 
moving proximally is carried by an abutment element 32 
which is in the form of a collar of synthetic polymer 
having a distal end surface 34 which is transverse to 
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the long axis 36 of the system and which contacts the 
proximal end surface 38 of the stent 10- The abutment 
collar 32 carries a metallic ring 40 on its radially 
outer surface, this metal ring serving as a radiopaque 
marker to indicate the location of the proximal end of 
the stent 10 . 

The abutment collar 3 2 is itself mounted fixedly on the 
cylindrical abluminal surface 42 of an inner catheter 44 
which defines a lumen wall 46 of a guidewire lumen 48. 
The inner catheter 44 extends distally to a distal end 
50 just distal of the distal end opening 18 of the 
sheath 12. The inner catheter 44 is of synthetic 
polymeric material but is resistant to end-wise 
compression. It extends proximally a significant 
distance beyond the connection rings 22, 26. Reference 
is now made to Figure 2, for a description of the 
proximal portions of the inner catheter 44 . 

In Figure 2, the inner catheter 44 is seen to extend 
proximally as far as an elbow 52 where the guidewire 
lumen 4 8 turns off the long axis 3 6 of the device and 
follows a path 54 with its length direction inclined at 
about 6 0 degrees to the axis 36, for a short distance 
until it reaches the cylindrical surface 56 of the 
system and there defines a proximal guidewire lumen exit 
port 58. This exit port 58 is proximal of the distal 
end 60 of a stainless steel hypotube catheter shaft 
element 62 of the system. This tube 62 has a distal end 
zone extending between the distal end 6 0 of the tube and 
the proximal end 64 of a lengthwise slit (described 
below with reference to Figure 3) in the cylindrical 
wall of the hypotube 62. The proximal end 64 of the 
slit coincides with the proximal end of the guidewire 
exit port 58 . 

Surrounding the distal end zone of the hypotube 62 is a 
tube 70 of synthetic polymeric material which 
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constitutes a catheter shaft extension cantilevered 
distally beyond the distal end 60 of the tube 62. This 
shaft extension has a distal end 72 and a proximal end 
74 which lies proximal of the proximal end 64 of the 
guidewire exit port 58. A hole is formed in the 
cylindrical wall of the tube 70, to coincide with the 
guidewire exit port 58. It will be appreciated that 
luminal surface area of the tube 70, in the axial length 
between the distal end 60 of the tube 62 and the 
proximal end 64 of the guidewire exit port 58 contacts 
both the abluminal wall of the catheter shaft tube 62 
and the abluminal wall of the inner catheter 44. 
Indeed, the tube 70 serves to sleeve both of the 
elements simultaneously, and to bond them together and 
hold them in fixed axial relationship, one with the 
other . 

As can be seen in Figure 2, there is a passage for the 
tension wire 3 0 between the luminal surface of the 
hypotube 62 and the abluminal surface of the inner 
catheter 44, in the zone between the guidewire exit port 
58 and the distal end 60 of the tube 62. For further 
information about the shape of this tension wire lumen 
74, please refer to Figure 3 and the corresponding 
description below. As can be seen in Figure 2, the 
tension wire 3 0 continues proximally, through the part 
of the axial length of the delivery system shown in 
Figure 2, towards the proximal end of the system, 
without needing significantly to deviate from a straight 
path . 

As also can be seen from Figure 2, the proximal end 76 
of the outer sheath 12 is located proximal of the distal 
end 72 of the shaft extension tube 70 so that, on 
imposing an adequate tension on the tension wire 30 to 
withdraw the outer sheath 12 proximally, the luminal 
surface 28 of the outer sheath 12 can pass along the 
abluminal surface 78 of the extension tube 70. While 
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considering Figure 2, note that flushing fluid advancing 
distally along the lumen 8 0 of the catheter shaft tube 
62 can continue to advance distally along the rather 
smaller cross -section lumen 74 and, from there, into the 
lumen 82 defined by the outer sheath 12. Depending how 
snug is the fit between the outer sheath 12 and the 
shaft extension tube 70, flushing fluid may or may not 
exit the system through the annulus 84 between the 
sleeve 12 and tube 70. Otherwise, the flushing fluid 
can advance further distally, through the zone of length 
shown in Figure 1 until eventually exiting the system 
through the annulus between the inner catheter 44 and 
the distal end opening 18 of the sheath 12 . 

Moving on to Figure 3, here we see the shaft extension 
tube 70 sleeving an arc 90 of the shaft tube 62. The 
lengthwise slot of the shaft tube 62 corresponds to the 
missing part of the circular circumference absent from 
Figure 3. In Figure 3, the circumferential arc 90 of 
the tube 62, extending over somewhat more than a half 
circle, defines a trough with spaced parallel lips 92, 
94, to receive between its wings the inner catheter 
element 44. Sleeving both the inner catheter 44 and the 
circumferential arc 92 of the catheter shaft tube 62 is 
the polymeric annulus of the shaft extension 70. 
Between the luminal surface of the arc 90 and the 
outside cylindrical surface of the inner catheter tube 
44 is defined a crescent-shaped lumen 96 within which 
the tension wire 98 can be seen. Preferably, the cross- 
sectional shape of the tension wire 98 is chosen to take 
best advantage of the special shape of the lumen 96 in 
which it slides. It will be evident from Figure 3 that 
the sleeving member 70 affords ample opportunity to 
achieve a secure bond between the respective components 
of the system so as to minimise the possibility for any 
axial movement of the inner catheter 44 relative to the 
catheter shaft 62. 
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Turning now to Figure 4, there is shown the proximal end 
of the catheter shaft 62 and tension wire 30. By- 
providing a shaft continuation tube 102, collinear but 
spaced from the proximal end 104 of the shaft 62, and 
fixed thereby a flared connector element 106, there is 
an opportunity to lead the tension wire 3 0 out of the 
lumen 80 of the catheter shaft. Indeed, as can be seen 
in Figure 5, the wall of the shaft continuation 102 can 
be deformed inwardly to create a lengthwise groove 10 8 
on the abluminal surface of the continuation tube 102, 
to afford an exit route 110 for the tension wire 3 0 
between the luminal surface of the connector element 106 
and the abluminal surface of the shaft continuation 102. 
This groove can be packed with a sealing material 112 . 

At the proximal end 114 of the shaft continuation 102 is 
a flushing port annulus 116, the construction of which 
will be familiar to those skilled in this art. 

On the cylindrical outer surface of the shaft 
continuation 102 can be slidably mounted a retraction 
handle, otherwise called slider, 120. As shown, the 
proximal end 122 of the tension wire 3 0 is fixedly 
mounted to the slider 120. It will be evident that 
proximal withdrawal of the sheath 12 from the stent 10 
is accomplished by a controlled proximal movement of the 
slider 12 0 approximately along the long axis 3 6 of the 
device, sliding along the abluminal surface of the shaft 
continuation 102. 

In use, the stent delivery system can be back loaded 
onto an in situ guidewire, by introducing the proximal 
end of the guidewire into the distal end 5 0 of the inner 
catheter 44, and advancing the stent delivery system 
distally along the guidewire until the proximal end of 
the guidewire emerges from the proximal guidewire exit 
port 58. After that, the distal end of the stent 
delivery system can be advanced distally further along 
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the guidewire, until the stent is in position for stent 
release. Once the desired stent position is achieved 
and confirmed, stent release may follow, by moving the 
slider 120 proximally. The sheath 12 moves proximally, 
the stent is released, and then the delivery system can 
be withdrawn proximally over the guidewire . 

The embodiment shown in the drawings and described above 
is but one way to realise the subject matter of this 
invention. Those skilled in the art will be able to 
realise the invention in different embodiments. It is 
the claims which follow which are intended to indicate 
the scope of protection sought by this patent 
application. 
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Claims 

1. A stent delivery system comprising 

i a sleeve to surround a self -expanding stent, to be 
retracted proximally , relative to the stent, to release 
the stent progressively, starting with the distal end of 
the stent 

ii an abutment to engage the stent, within the volume 
defined by the sleeve, to restrain the stent from moving 
proximally, as the sleeve is retracted proximally 

iii a tubular, lumen- defining catheter shaft extending 
proximally from the abutment, which resists axial 
compressive stresses during proximal withdrawal of the 
sleeve 

iv a tension member which runs the length of the 
catheter shaft, which receives a tensile stress at its 
proximal end and thereby imposes on the sleeve an axial 
stress for said proximal retraction of the sleeve 
relative to the stent 

v the catheter shaft includes a proximal guidewire 
lumen exit port remote from the proximal end of the 
catheter shaft, whereby the stent delivery system is a 
rapid exchange system 

vi the tubular shaft carries at its distal end an 
inner catheter, which defines a guidewire lumen and 
extends from a proximal end at the proximal guidewire 
lumen exit port to a distal end which defines a distal 
guidewire lumen exit port at the distal end of the 
sleeve . 

characterized in that: 

the inner catheter and the tubular shaft are arranged 
parallel between the distal end of the catheter shaft 
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and the proximal guidewire exit port with spacing 
therebetween to accommodate the tension member outside 
the guidewire lumen and inside the lumen of the catheter 
shaft . 

2. System as claimed in claim 1, wherein the catheter shaft 
is metallic. 

3- System as claimed in claim 1 or 2 , wherein the tension 
member is a wire. 

4. System as claimed in claim 3, wherein the wire is 
connected to the sleeve by a connection ring co- axial 
with the sleeve and fixed to the sleeve. 

5. System as claimed in any one of the preceding claims, 
wherein the sleeve carries a marker band to indicate the 
distal end of the stent. 

6. System as claimed in any one of the preceding claims, 
including at the proximal end of the catheter shaft a 
shaft continuation and a proximal exit port for the 
tension member, between the catheter shaft and the 
continuation shaft . 

7. System as claimed in claim 6, wherein the shaft 
continuation has at its proximal end a port for flushing 
the catheter shaft. 

8. System as claimed in claim 7, wherein the shaft 
continuation carries a slider to which the proximal end 
of the tension member is connected, whereby proximal 
movement of the slider on the shaft continuation 
retracts the sleeve proximally relative to the catheter 
shaft . 

9. System as claimed in any one of the preceding claims, 
wherein the distal end of the catheter shaft defines a 
lengthwise slot open-ended at its distal end, thereby to 
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define a trough in which through the inner catheter is 
received, the proximal guidewire lumen exit port being 
coincident with the proximal end of the slot and trough. 

10. System as claimed in claim 9, wherein the outer surface 
of the inner catheter is spaced from that part of the 
surface of the trough which is circumf erentially 
opposite from the lengthwise slot, thereby affording a 
lumen between the catheter shaft and the inner catheter 
along which the tension member extends. 

11. System as claimed in claim 9 or 10, wherein the distal 
end of the catheter shaft, and the inner catheter lying 
in its trough, are sleeved by a catheter shaft extension 
which extends as a cantilever from the distal end of the 
catheter shaft. 

12. System as claimed in claim 11, wherein the catheter 
shaft extension has a distal end which is received 
within a proximal end opening of the sleeve. 

13. System as claimed in any one of the preceding claims, 
wherein the sleeve has a distal end which tapers 
inwardly . 

14. System as claimed in any one of the preceding claims, 
wherein the abutment comprises a radiopaque marker. 
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